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Abstract
Fermented beverages such as wine, cider and beer are normally fermented with
Saccharomyces yeasts due to their well-known fermentative behavior. These yeasts
have been extensively investigated and are used in commercial processes. On the
other hand, non-Saccharomyces yeasts were always considered contaminants in
winemaking and brewing. Most researchers in the past argued that these yeasts
produce several compounds that may alter the sensory quality of wine and beers.
However, recent studies have demonstrated that their fermentative metabolism can
be regulated and addressed to the production of compounds of sensory importance.
Currently, some non-Saccharomyces yeasts belonging to the genera Kloeckera, Can-
dida, Hanseniaspora are getting importance due to their high potentiality to be used
in the production of fermented beverages such as special wines and craft beers. The
emergence of new consumption patterns and market niches demanding products
with new sensory characteristics has catapulted the exploitation of these yeasts.
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1. Introduction
Fermentation of wines, beers and ciders is traditionally carried out with Saccha-
romyces cerevisiae strains, the most common and commercially available yeast. They
are well known for their fermentative behavior and technological characteristics
which allow obtaining products of uniform and standard quality. Saccharomyces
cerevisiae is the most used yeast in fermentative processes. In wine fermentation,
strains with specific characteristics are needed, for instance, highly producers of
ethanol to reach values of 11–13% v/v, typically found in this beverage. On the other
hand, beers and ciders contain less amounts of ethanol with a balanced and distinc-
tive sensory profile characteristic of each one. In recent years, new consuming
trends and requirements for new and innovative products have emerged. This
situation led to rethink about the existing fermented beverages and to meet the
demands of consumers. Yeasts are largely responsible for the complexity and
sensory quality of fermented beverages. Based on this, current studies are mainly
focused on the search of new type of yeasts with technological application. Non-
Saccharomyces yeasts have always been considered contaminants in the manufacture
of wine and beer. Therefore, procedures for eliminating them are routinely utilized
such as must pasteurization, addition of sulfite and sanitization of equipment and
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processing halls. In recent years, the negative perception about non-Saccharomyces
yeasts has been changing due to the fact that several studies have shown that during
spontaneous fermentations of wine, these yeasts play an important role in the
definition of the sensory quality of the final product. Based on this evidence, the
fermentative behavior of some non-Saccharomyces yeasts is being studied in deep
with the purpose of finding the most adequate conditions and the most suitable
strain to be utilized in the production of fermented beverages.
2. Yeasts
Yeasts are eukaryotic microorganisms that inhabit a variety of ecological
niches such as water, soil, air and the surface of plants and fruits. Commonly,
they are present during the decomposition of ripen fruits and participate in the
fermentation process. In this natural environment, the yeasts find nutrients and
substrates necessary for their metabolism and fermentative activity [1, 2].
Yeasts are not nutritionally demanding compared to other microorganisms such
as lactic acid bacteria. For supporting their growth, they need common com-
pounds such as fermentable sugars, amino acids, vitamins, minerals and also
oxygen. Morphologically the yeasts are very diverse, being the round, ellipsoidal
and oval shapes mostly predominant. During the identification, the microscopic
evaluation is the first resource followed by microbiological and biochemical
tests; subsequently, assays of sugar fermentation and assimilation of amino
acids are necessary [3]. The production and tolerance to ethanol, organic acids
and SO2 are also important tools to differentiate among species. The reproduc-
tion of yeasts is mainly by budding, which results in a new and genetically
identical cell. Budding is the most common type of asexual reproduction,
although cell fission is a characteristic of yeasts belonging to the genus
Schizosaccharomyces (Figure 1). Cultivation conditions leading to the starvation
of nutrients such as the lack of amino acids induce sporulation, which is a
mechanism used by yeasts to survive under unfavorable conditions. As a con-
sequence of the sporulation, yeast cells undergo genetic variability. In industrial
Figure 1.
Asexual reproduction of yeasts. ( a) Budding, typically observed in Saccharomyces cerevisiae, Candida,
Kloeckera, Brettanomyces and (b) fission, typically observed in Schizosaccharomyces pombe.
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cytoplasmic membrane of yeasts. During alcoholic fermentation, as ethanol accu-
mulates, it exerts a detrimental effect on the integrity and stability of the cytoplas-
mic membrane [31]. Under this condition, the supply of small amounts of oxygen to
the medium through aeration promotes the synthesis of unsaturated fatty acids and
sterols (mainly ergosterol) which are important components of the yeast cell mem-
brane. Thus, the produced compounds can be used to replace the damaged fraction
caused by the effect of ethanol that acts as a solvent [35, 36]. The replacement of
unsaturated fatty acids and sterols is important to maintain the cell viability and
allow the yeasts to complete successfully the fermentation. From the technological
point of view, the supply of small amounts of oxygen is recommended in fermen-
tations with musts of high specific gravity in order to avoid some drawbacks such as
sluggish fermentation. It is also necessary for promoting the fermentative metabo-
lism of non-Saccharomyces yeasts which are unable to ferment under fully anaerobic
conditions [37]. The optimization of the aeration rate is very important to ensure
the predominance of the fermentative metabolism and to reach the highest ethanol
yield. In Crabtree-negative yeasts, as the concentration of oxygen in the medium
increases above a certain value, the metabolism may become predominantly oxida-
tive; thus, the ethanol yield decreases and the production of biomass increases. The
highest ethanol yield is possible to achieve, adjusting properly the aeration rate of
the fermentation medium. Aeration also affects the production of glycerol by
yeasts; thus, as the concentration of oxygen increases, the production of glycerol
decreases. From the technological point of view, aeration of the fermentation
medium is an interesting tool to control the metabolic activity of non-Saccharomyces
yeasts during fermentation, for instance, wines and beers [38, 39]. In addition,
aeration can be also used in winemaking to improve the quality of wines since it
provokes the transformation of phenols, which reduces the astringency.
3.2 Production of higher alcohols
During alcoholic fermentation, either non-Saccharomyces or Saccharomyces
yeasts produce diverse volatile compounds of sensory importance such as higher
alcohols, aldehydes, fatty acids and esters in different concentrations depending
on the species of yeasts and the fermentation conditions. The harmonic balance of
the compounds determines the sensory quality of the fermented beverage. Higher
alcohols are a group of compounds that mostly confer unpleasant organoleptic
character when present at high concentrations [40, 41]. In adequate concentra-
tions, they contribute positively in defining the organoleptic quality of alcoholic
beverage such as wines, beers and ciders. They are produced in the cytosol and
then exported outside the yeast cell where it accumulates. Higher alcohols result
from the decarboxylation of ketoacids that leads to the formation of the respective
aldehydes, which are then reduced to form the corresponding higher alcohols
(Figure 3). Ketoacids can be originated either from the metabolism of glucose or
the catabolism of amino acids [42, 43], which are taken by the yeast cell from the
fermentation medium. The synthesis of higher alcohols involves the participation
of at least three enzymes: a transaminase, a carboxylase and an alcohol dehydro-
genase. Factors that increase the metabolism of sugar and amino acids promote
the synthesis of higher alcohols. The factors include temperature of fermentation,
amino acid concentration and composition of the fermentation medium.
3.3 Production of esters
Esters are a group of compounds that mostly impart positive sensory character-
istics to fermented beverages such as wines, beer and ciders. They are formed by the
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